Abstract -We studied diversity of algae and cyanobacteria in the wetlands of protected natural lakes with salinity ranging from 0.19 up to 32.7 in the arid/semiarid regions of Northern Kazakhstan. In plankton and periphyton of 34 lakes, we found 254 species belonging to 113 genera of 8 algal divisions. The diversity in arid regions is represented by widespread species of diatoms, green algae, and cyanobacteria in similar proportions. Alkaliphiles, among the indicators of acidification, and betamesosaprobionts, among the indicators of saprobity, predominated. The indices of saprobity in lakes varied from 1.47 to 2.7, reflecting low-trophic and low anthropogenically disturbed wetlands. Oligohalobes--indifferents are most common. Highly diverse algal communities were found irrespective of various levels of mineralization. As a consequence of aridization, salinity increase suppressed algal diversity. The mineralization was the most important variable defining the diversity levels, irrespective of the type and location of wetland lakes in the arid regions.
Introduction
In arid regions, aquatic environments experience a stressful impact of high concentrations of mineral and organic substances due to high evaporation rates (SUBYANI 2005) . Algal habitats are characterized by a high amplitude salinity variation that in large lakes suppresses algal diversity (HAMMER 1986) . For example lower bacterial diversity (RUSZNYÁK et al. 2008 ) and algal species richness (ÁCS et al. 2003) were found in the open water area of Lake Velencei (where the conductivity is about 2.5-3.5 mS cm -1 averagely) than in the bog-like area of the lake (where the conductivity is about 1.5-2.3 mS cm -1 on average). Many algal species are indicators of environmental conditions reflecting the influence of The assessment of b+g radioactive pollution of water samples was performed with detector-indicator of radioactivity QUARTEX RD 8901.
The algal abundances were assessed on the basis of a 6-score scale (KORDE 1956 , BARINOVA et al. 2006 .
The taxonomy follows the systems adopted in the »Süswasserflora von Mitteleuropa« (ETTL 1978; STARMACH 1985; ETTL and GARTNER 1988; KRAMMER and LANGE-BERTALOT 1991a, b, c, d; KOMÁREK and ANAGNOSTIDIS 1998) and MATTOX and STEWART (1984) system for green algae, with additions for individual taxa in GOLLERBACH et al. (1953) , KISSELEV (1954) , POPOVA (1966) , VINOGRADOVA et al. (1980) , PALAMAR-MORDVINTSEVA (1982) , KRAMMER (1985 KRAMMER ( , 2000 , MOSHKOVA and GOLLERBACH (1986) , LANGE-BERTALOT and KRAMMER (1987) , MEFFERT (1987) , KOMÁREK and ANAGNOSTIDIS (1989) , POPOVSKY and PFIESTER (1990) , BARBER and CARTER (1996) , HEGEWALD (2000) , RUMRICH et al. (2000) .
The ecological and geographic characteristics of algae are obtained from the database compiled by the author for freshwater algae as a basis for statistical analysis of algal biodiversity distribution over ecological gradients (BARINOVA 2000 , 2006 .
Our ecological analysis has revealed a grouping of freshwater algae in respect to pH, salinity and saprobity as well as the other habitat conditions. Each group was separately assessed with respect to its significance for bioindications. Species that respond predictably to environmental variables can be used as bioindicators reflecting the response of aquatic ecosystems to eutrophication, pH levels (acidifications), salinity and organic pollutants.
Distribution of species sensitive to pH and suitable as bioindicators for acidity is analyzed in accordance with the classification of HUSTEDT (1938 HUSTEDT ( -1939 . This classification system is divided into pH-related groups, from alkalibiontes to acidobiontes.
The bioindication of salinity is based on the classification system by HUSTEDT (1957) with groups ranging from polyhalobes to oligohalobes-halophobes according to KOLBE's (1927) system of halobity.
There are several alternative approaches to assessment of saprobity (adaptation to excessive levels of nutrients), with that of PANTLE and BUCK (1955) modified by SLÁDE^EK (1973 , 1986 being found most suitable for the present analysis. The indicators of saprobity are assigned to four groups according to their saprobity index values (S) ranging from polysaprobes (S=3.5-4.0) to xenosaprobes (S=0-0.5). The indices of saprobity are obtained as a function of saprobic species numbers and their relative abundances:
where S indicates index of saprobity for algal community; s -species-specific saprobity level; h -abundance on the 6-scores scale (after KORDE 1956) . For phytogeographic analysis, species ranges were plotted and assigned to phytogeographic divisions of TAKHTAJAN (1978) .
Statistical methods were used in comparative floristic approaches (NOVAKOVSKY 2004) for clarifying of algal flora similarity in the natural protected wetlands in the semi-arid climate of the Northern Kazakhstan. The percent disagreement was calculated by Ward's method in Statistica 6.0 Program.
Ecological classification of water quality was based on a combination of hydrochemical variables and the indices of saprobity (ROMANENKO et al. 1990 , BARINOVA et al. 2006 . The status of water objects was assessed as sum of all data integrated in the functional model of an aquatic ecosystem (BARINOVA et al. 2006) . Gamma and beta radiation were studied as background variables.
Results

Influence of ecological conditions on biodiversity of algae in the arid region wetlands of Kazakhstan
Because of the remoteness of Kazakhstan's protected areas, algal diversity there has remained virtually unstudied. The lakes that we studied can be considered as typical for this region. Their salinity (as the saltiness or dissolved salt content of a body of water) varies from 0.19 to 32.7 NaCl g L -1 (Tab. 1) increasing during the summer dry period and contains not only chlorides but also sulphates as regional norm. The acidity varies from slightly acid to alkaline, whereas the concentration of nitrates and phosphates attests to a sufficient trophic base for algal development (Tab. 1). At the same time, the saprobity indices of PANTLE and BUCK (1955) Our taxonomic analysis revealed 254 species from eight taxonomical divisions, among which diatoms slightly prevail over green and blue-green species (Tab. 2, Fig. 2a 5, 7, 89, 14, 18, 20, 25, 27, 28 , 34 4, 5, 8, 11, 13, 14, 18-21, 26, 27, 29, 33, 34 4, 5, 9, 13, 14, 22, 27, 28, 33 , 34 
The lacustrine algoflora mainly consists of geographically widespread species (85% cosmopolitan, 9% of pan-Holarctic distribution, and 4.5% of Boreal distribution (Tab. 2).
In the lakes of arid regions, algae occur over the water column and on hard substrates, with some preference for the latter (Fig. 2b) . The most abundant periphyton species are cyanoprokaryotic Anabaena flos-aquae f. flos-aquae (Kamyshovoe Lake), Coelosphaerium minutissimum (Kulagul Lake), Phormidium retzii (Lake Great Kak), diatoms Amphora pediculus (Great Kak Lake), and green algae Binuclearia lauterbornii (Aike Lake) and Spirogyra weberi (Jarsor Stream) With respect to pH, the indicator species (HUSTEDT 1938 (HUSTEDT -1939 are segregated into four groups among which the alkaliphiles prevail (Fig. 2c) . Such distribution is characteristic of slightly alkalic conditions (Tab. 1). The most common alkaliphiles are Chroococcus turgidus, (Cyanoprokaryota) and Achnanthes minutissima, Amphora ovalis, A. pediculus, Caloneis amphisbaena, Epithemia turgida, Fragilaria vaucheriae, Navicula exigua, Nitzschia acicularis, N. palea, Rhoicosphenia abbreviata (Bacillariophyta). The diversity of pH indicators reflects the great amplitude of this variable.
Salinity indicators (HUSTEDT 1957) are assigned to five ecological groups (Fig. 2d) , with oligohalobes-indifferents as a dominant group, although the oligohalobes-halophiles and mesohalobes are also common, as well as a single species of polyhalobes (Tab. 2). Among the oligohalobes-indifferents the most common are Amphora ovalis, Epithemia turgida, Fragilaria ulna, F. vaucheriae, Nitzschia acicularis, N. palea mostly halophilic, but include also the only palyhalobic species Phormidium paulsenianum. All the halophobes are diatoms, among them several species of Eunotia. Algal indicators of organic pollution are assigned to nine ecological groups (Figs. 2e, f; Tab. 2), representing the entire spectrum of indication systems (SLÁDE^EK 1973 , 1986 WATANABE et al. 1986 Note: the assessment of b+g radioactive pollution of water samples with detector-indicator of radioactivity QUARTEX RD 8901 shows that its level does not exceed 20 mkR/h. * -Naurzum Biosphere Reserve.
viridis (Bacillariophyta), Cladophora, Crucigenia tetrapedia (Chlorophyta), Trachelomonas volvocina (Euglenophyta). Indicators of temperature conditions reflect a wide range of temperature fluctuations. A group of temperate species prevails, but species of cold and warm waters are also present (Fig. 2g) .
Among indicators of streaming and oxygenation, species of slightly turbulent watersmoderate oxygenation prevail, yet in figure 2h , the summit of the trend is displaced toward the indicators of streaming highly oxygenized waters.
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Assessment of wetland lacustrine ecosystems according to the hydrochemical and hydrobiological variables
Hydrochemical data for autumn of 1999 (dry period) are represented in tables 1 and 3. The analysis of water conductivity and mineralization reveals a group of highly mineralized lakes -Jarsor, Sankebay and Kushmurun -with salinity level above 7. The other lakes are brackish or freshwater. Practically all the investigated lakes show the neutral or slightly alkalic reaction typical of natural water bodies with active self-purification processes. Sul-ACTA BOT. CROAT. 70 (2) phide (H 2 S plus the acid-soluble sulfides of metals) concentration 2.005 mg L -1 was found in the northeastern part of Bozshakol Lake only, which is evidence of periodic anoxia.
The saprobity index S varies from 1.47 to 2.70, which corresponds to 2b -4a ranges of water quality (Tab. 4). The biotic component of lake ecosystems provides for a high level of self-purification.
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ACTA BOT. CROAT. 70 (2), 2011 BARINOVA S. S., NEVO E., BRAGINA T. M. In spring, the lakes Kak, Jarsor, Sankebay and Sarybalyk were strongly mineralized, with salinity above 7 (Tabs. 5, 6). The other lakes remained freshwater or brackish. The pH reaction was neutral or slightly acidic in all the lakes, characteristic of natural waters with active self-purification processes.
The defined background radioactivity in the studied lakes during 1999-2000 was stable, with a level not exceeding 20 mkR h -1 , presenting the regional norm and unable to impact lake communities.
Discussion
The overall diversity is the highest in the lakes Bozshakol, Kamyshovoe, Kojbagor (63 -112 species), and some other freshwater lakes (Tab. 1) of IV water salinity class.
Bio-indicational analysis of algal diversity shows that the dominant indicator species are alkaliphiles, oligohalobes-indifferents and beta-mesosaprobes conveying the integrity of major ecological variables.
Similarity analysis (Fig. 3) is based on the distribution matrix of 254 revealed species over 34 water bodies and calculated as the percent disagreement by WARD's method. The dendrogram shows that the algal taxonomic diversity is divided into three different clusters, with most of the Kazakhstan lakes separated at the 74% similarity level. The group designated at the 82% similarity level (cluster 2) comprises algal assemblages of lakes with great amplitude of salinity fluctuations (II to IV classes), with species numbers 1 -28. The dominant indicators are oligohalobes-indifferent, halophiles and mesohalobes.
The second group discriminated at 82% similarity level comprises assemblages of moderately mineralized lakes of III-IV salinity classes, with the species numbers 18 -37. The dominant indicators are oligohalobes-indifferent, halophiles and occasionally mesohalobes. Cluster 3 of low similarity level comprises assemblages of slightly mineralized lakes of IV salinity class: Bozshakol, Tuntugur, Jaman, Teniz, Kamyshovoe, and Kojbagor, with species numbers 57 (Jaman) to 112 (Kojbagor), dominated by oligohalobes-indifferent and halophiles; mesohalobes are lacking in these lakes.
Therefore, the dendrogram clustered all the revealed diversity around three major variables: species richness of algal communities, salinity class, and the dominant salinity indicators. The most similar are the species-rich communities of slightly mineralized lakes, as well as the species-poor communities of highly mineralized lakes (ÁCS et al. 2003) . These regularities indicate that, other conditions remaining the same, salinity is the main depressing factor of algal diversity irrespective of the type and distribution of the water body. In other words, the compositions of algal communities reflect in the first place the salinity level related to climatic aridity.
Because the species diversity in protected wetlands is mostly influenced by natural factors, floristic cores can reflect historical natural impact on algal biodiversity. Comparative floristics help summarize regional algal diversity in major floristic cores (Fig. 4) . We used comparative floristic approaches also for revealing the major factors influencing the lacustrine flora enriching process. In the statistical program GRAPHS (NOVAKOVSKY 2004) which presented not only tables of calculation but also constructed visual graphs, we ana-lyzed presence-absence of 254 species in 34 lakes with SERENSEN-CHEKANOVSKY indices calculation. As a result, a dendrite of similarity (Fig. 4) shows five floristic cores, which are marked by dashed lines.
Most lakes with species rich communities and fresh water combined into central core (A). The lakes Bozshakol with 63 species and Kojbagor with 112 species placed in the center of core A. All lakes from core (A) are 3-4 salinity class with high species diversity, low to medium dissolved solids and seasonally fluctuating electrical conductivity, neutral to low acidic range of pH, low to middle nutrient concentration, and III-IV class of water pollution. This means that ecosystems in core (A) lakes are well developed.
Core (B) formed 9 freshwater lakes with middle species diversity, medium dissolved solids and nutrients concentration, clearer than in core (A), but with neutral to low alkalic water.
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ACTA BOT. CROAT. 70 (2), 2011 BARINOVA S. S., NEVO E., BRAGINA T. M. Core (C) included two lakes only that connected with core (A) and characterized as freshwater, low alkaline, low organic polluted with low to medium dissolved solids and nutrients concentration.
Core (D) also formed two lakes, which have conditions similar to those lakes of core (C) and also closely related with the diversity of core (A).
The last core (E) included three freshwater lakes, which have similar conditions with lakes from the major core (A).
A few lakes that are not included in the mentioned above cores have intermediate (as in Tahtakol or Kushmurun) or extreme environmental conditions such as in the Great Kak Lake: high salinity and electrical conductivity, low acidic water with low phosphates and medium nitrates concentration and as a result low species diversity.
Therefore, comparative floristic analysis pointed to salinity as the most important factor that has had a historical influence on algal diversity in the studied wetland lakes.
The assessment of the aquatic ecosystems state is based on a correlation of hydrochemical data and their ranges for nitrogen and phosphorus (the trophic elements) with those for saprobity indices (the biota's self-purification capacity). We calculated the index of the water ecosystem state, WESI (BARINOVA 2000 , BARINOVA et al. 2006 relating the ranges of self-purification to those of trophic elements. WESI reflects the potentials of the aquatic ecosystem to regenerate after anthropogenic impacts. It also conveys the intensity of anthropogenic impacts if such occurred. In the case of WESI above or equal to 1.0, the ecosystem is assessed as balanced and buffered from anthropogenic impacts. At WESI below 1.0, the biotic components are under toxic influences. A smaller WESI reflects a greater toxicity. Sometimes the latter can be natural rather than anthropogenic.
Our analysis showed a normal (balanced) state for the ecosystems of the lakes Kulykol, the spring Jailma, the spring Jarsor and Sarykol Lake (Tab. 4) in dry autumn of 1999. Most of the samples reveal a slight natural toxic influence which may be come from sulphides. More significant toxic influence is recognized for the lakes Aike, Sankebay, Jarkol, and Bozshakol. However, the composition of their algal communities gives no evidence of heterotrophy.
Normal state (WESI above or equal 1.0) was found in the spring season of 2000 in the lakes Alpash, Kulykol, Balykty, Kulagul, Great Sankebay, Kojbagor, Tuntugur, Teniz, Sultan, Jarken, Sarykol, Kamyshovoe, Jaman, Shoshkaly, Karakamys, Aksuat, and the stream Jarsor. This group includes most of the lakes. At the same time, a slight toxic suppression of photosynthetic activity was revealed for the lakes Suly, Majbalyk, Jarkol, Chushkaly, Taunsor (Teniz), Bozshakol, Jaltyr, Jilandy, Annovskoe, Tahtakul, Sarybalyk, Karakamys. Therefore, the toxicity might have been temporary, during the dry period, unrelated to any constant anthropogenic impact. According to the functional model of aquatic ecosystems (BARINOVA 2000 , BARINOVA et al. 2006 , ecosystems of majority of lakes are at the regenerating stage and most influenced by evaporation in summer season.
Algal species and index saprobity S dynamic in communities during the 1999-2000 study period show that the maximal taxonomic diversity (number of species) for algal communities in 1999 was observed in the lakes Kojbagor (64), Bozshakol (30), Kamyshovoe (53) and Jaman (40). The saprobity index S varied from 1.48 to 2.70, which corresponds to 2b-4a ranks of water quality. Although sulfides were periodically revealed in Bozshakol Lake, algal species richness is rather high because this lake is fresh and provides the best environment not only for higher aquatic plant development, but also for algal diversity in plankton and submerged plants. The means of S for these lakes in the spring revealed a high self-purification capacity.
The most species-rich in the year 2000 were the lakes Balykty (26), Tounsor (Teniz) (30), Kojbagor (64), Tuntugur, Bozshakol (30), Kamyshovoe (53), Jaman (40), and other swith more than 20 species per each sample.
On the basis of nitrate concentration, most of the lakes in 1999 were assigned to 4b and 5a-b water quality ranges (Tab. 3), which indicates a reduced consumption of this element by the lacustrine biota. For phosphate concentrations, 19 samples fall in the same high ranges. Only in the Kulagul (Kulykol) Lake is there a high concentration of phosphates against the minimal nitrate concentration. In this lake the algal productivity is limited by nitrogen which explains the low consumption of phosphates. During the study period only in the northeastern part of Bozshakol Lake was a high concentration of sulfides (H 2 S) found, which can be explained by anaerobic decomposition of dead matter produced by the lake ecosystem during the periods of water bloom or a decay of aquatic macrophytes. This biota toxic variable periodically formed a reduction zone in the bottom, but in the thin layer of water under the surface life is flourishes.
On account of their nitrate and phosphate concentrations, several lakes were assigned to 4b and 5a water quality classes in 2000 (Tab. 5), indicating under-consumption of these components by the biota. In lakes Maybalyk, Tounsor (Teniz), Sultan, Bozshakol, Sarykol, Annovskoe, and Sarybalyk, a relatively high concentration of nitrates was associated with a low concentration of phosphates; the nitrates were under-consumed, because the development of algal community was limited by phosphorus. Nitrogen was not a limiting factor in these lakes. As a whole, the biotic communities were actively developing, although occasionally restricted by the deficit of phosphorus in freshwater lakes and in a single brackish lake, Sarybalyk.
Conclusion
The calculated indices of the environmental quality of Kazakhstan's arid region wetlands ranged within the expected natural variations. Toxic influence is recognized in Jaltyr, Jilandy, and Karakamys. A slight natural influence was revealed for most of the lakes. The organic matter enriching the water after aquatic plant death regulates the production of sulfides as toxic substances for algae. Yet the algal communities provide no evidence of heterotrophy. The toxicity might have been temporary, unrelated to a constant anthropogenic impact. According to the functional model of aquatic ecosystems (BARINOVA et al. 2006) , lakes Jaltyr, Jilandy, and Karakamys are assigned to the regeneration stage.
In comparison to 1999 and 2000, salinity (mineralization) in the studied lakes slightly decreased (by 0.01-0.02), with the exception of Sarybalyk and Aksuat, where it increased from 1.47 and 0.69 respectively in autumn 1999 to 8.88 and 3.94 respectively in spring 2000.
Salinity as a consequence of aridization suppressed algal diversity, and thereby decreased the productivity of the first trophic level, undermining the trophic base of wetlands as water fowl habitat.
Lake ecosystems are insignificantly disturbed, only few of them revealing an appreciable toxic effect. The saprobity indices calculated for each of the lakes attest to a high self-purification capacity. By comparing of the ecosystem state indices, WESI, for 1999 and 2000 we are led to the conclusion that self-purification activity increased from dry to wet seasons in Kulagul, Sankebay, Jarkol, Kojbagor, Tuntugur, Bozshakol, Annovskoe, and Tahtakul. A seasonally increase of salinity in lakes Aksuat, Sarybalyk, and Jarsor did not affect their general state.
Therefore, we concluded that salinity in the lakes is the most important factor that has also had a historical influence on the algal diversity of the arid region wetland lakes.
